For a large number of aromatic compounds, an oscillating reaction pathway was observed during the oxidation with bromate in the absence of metal cata lysts in a batch reactor [1] . To characterize the dynam ics of this type of reaction we investigated the systems containing aniline, phenole, and gallic acid, respec tively, in a continuous flow, stirred tank reactor (CSTR). We found complex regimes in the case of aniline, reminiscent of the Belousov-Zhabotinsky (BZ) reaction with cerium as catalyst [2] .
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For a large number of aromatic compounds, an oscillating reaction pathway was observed during the oxidation with bromate in the absence of metal cata lysts in a batch reactor [1] . To characterize the dynam ics of this type of reaction we investigated the systems containing aniline, phenole, and gallic acid, respec tively, in a continuous flow, stirred tank reactor (CSTR). We found complex regimes in the case of aniline, reminiscent of the Belousov-Zhabotinsky (BZ) reaction with cerium as catalyst [2] .
For CSTR runs two feed stock solutions containing aniline in sulfuric acid and potassium bromate were pumped at equal flow rates using two HPLC pumps to guarantee constant flux. The reaction took place under well-stirred conditions at 30 °C, the reaction volume was 22 ml. Similar to the BZ reaction we traced the potentials of a bromide selective and a platinum electrode versus a silver/silverchloride refer ence electrode [3] .
After a short induction period (with the solution being violet), stable oscillations occur which are ac companied by a change of color from yellow to brown. Precipitation of uncharacterized reaction products limits undisturbed observation to about 5 hours. For the system with reactant concentrations as given in the legend of Fig. 1 , the reaction dynamics was studied as a function of residence time t, which is defined as reaction volume divided by total flow.
At residence times of 8.8 min, we found simple large amplitude relaxation oscillations with an average fre quency of 0.0037 sec -1 (Figure 1 a) . Similar to the BZ reaction (cf. [2] ), with decreasing t these oscillations were followed by complex oscillations of significantly higher period, which can be described as a com bination of large and small amplitude oscillations. Figure 1 b shows an example for z = 2.2 min. At still lower residence times (t = 2.0 min), the small ampli tude oscillation remained as a stable limit cycle with a frequency of 0.057 s e c '1 (Figure 1 c) . The first com posite regime appearing as the result of a bifurcation of the large limit cycle (Fig. 1 a) , at increasing flow, was a two-peak oscillation, where by every large peak was followed by one small peak. Further increase led to a stepwise increase of the number of small peaks (e.g. 2, 3, etc.).
At a sulfuric acid concentration of 1 M (other con centrations as in Fig. 1 ), the first complex type was a sequence of three large peaks followed by one small peak. Using the notation N m for a regime consisting of N large peaks and m consecutive small peaks (cf. [4] ), the sequence at these concentrations with in creasing flow can be written as 31, 32, 22 (all of them periodic), i.e., there is an increasing number of small peaks and a decreasing number of large peaks, which is what can be observed in the case of the BZ reaction [4] .
In analogy with BZ results, we suggest that for 0.7 M sulfuric acid deterministic chaos may be found during the oxidation of aniline, e.g. between the com- plex l 1 and l 2 or l 2 and l 3 regimes. This prediction was also obtained from model equations for this type of reaction [5] based on kinetic investigations [6] showing that there is no difference in principal be tween the catalyzed BZ reaction and the uncatalyzed oxidation of aromatic compounds. Our results strong ly confirm these theoretical considerations.
Between two periodic regimes, at intermediate flow rates, we observed aperiodic behavior several times. To guarantee reproducibility, however, the experi mental conditions have to be improved further. The complex types of behavior often are not a simple func tion of the residence time, especially as the slowly precipitated products seem to superimpose an irrever sible component which causes additional dependence of the dynamics on the flow rate at the beginning of the reaction.
Furthermore, the effect of small amounts of metal ions as well as impurities of aniline have to be consid ered. As to the role of metals, we analyzed the reaction solution using plasma emission spectroscopy. The re sults for some important elements are presented in Table 1 . The BZ catalyst cerium could not be detected with this method. Iron is known to suppress oscil lations at concentrations from 10" 3 to 10~4 M [1] . A most recent investigation revealed the redox couple Fe2 + /Fe3 + to be a cocatalyst of the BZ reaction which has an influence on the dynamics in the ppm range [7] , The present system thus opens up a new field of study of the redox couple's contribution to the phenome nology of BZ-type oscillations. Manganese ions can induce oscillations out of some stable steady states near the critical flow, according to the work of Körös et al. [8] ; however, we did not observe a qualitative influence of manganese ions on the shape and type of oscillation. At present we are not able to definitely exclude or quantitatively describe the cocatalyzing or stabilizing effect of metal ion impurities. A future in vestigation will further elucidate the relationship be tween catalyzed and uncatalyzed bromate oscillators.
Using phenole or gallic acid instead of aniline we could not obtain stable oscillations in CSTR runs. Only the manganese-catalyzed phenole system also exhibited a sequence of regimes (at constant flow rate) during the period of several hours, including small amplitude, large amplitude oscillations and the mixed type 21 [9] , We thank E. König for spectroscopic analysis. The work was supported by Stiftung Volkswagenwerk.
